In this study, heavy metal content (Cu, Fe, Mn, Ni, Pb, Zn) was determined in soils and different organs of Verbascum olympicum Boiss. This species is endemic to Uludag and spreads on destroyed areas such as: roadsides, developed building areas, ski lift stations and sheep folds. Soils and different organs (roots, stems, leaves and flowers) of plant samples were analyzed using an atomic absorption spectrophotometer for determining the element content. Heavy metal contents in soils and different organs in this species were highly correlated (P Ͻ 0.05). However, the contribution of plant organs to the accumulation capacity varied according to the metal. These results suggest that this species may be useful as a bioindicator for heavy metals.
Introduction
The purpose of monitoring hazardous waste sites is to characterize soil and groundwater pollution in sufficient detail to facilitate site remediation (Rifai et al., 2000) . Reports on plants growing in polluted areas without being seriously harmed indicate that it should be possible to detoxify contaminants using agricultural and technological approaches (Schwitzguebel, 2001) . Although soil and water monitoring is the main subject, plants can be used as bio-indicators for toxicity assessment in aquatic and terrestrial ecosystems (Pugh et al., 2002) . Zurayk et al. (2001) pointed out that detecting environmental pollution using biological material as indicators is a cheap, reliable and simple alternative to the conventional sampling methods. The use of higher plants as biomonitors of heavy metal pollution in the environment has increased in the past few decades (Piczak et al., 2003; Swaileh et al., 2004) .
Verbascum olympicum Boiss. is one of the main species of natural plant covers on destroyed areas of Uludag National Park, Bursa, Turkey. It became dominant in many areas such as roadsides, developed building areas, sheep folds, rubbers and mining areas after destruction. In most plant community types, soil disturbance creates openings for establishment frequently of weedy or ruderal species. Some plant species become dominant in these 0939Ð5075/2006/0500Ð0357 $ 06.00 " 2006 Verlag der Zeitschrift für Naturforschung, Tübingen · http://www.znaturforsch.com · D areas and they are the pioneer species of ruderal plant communities (Ellenberg, 1988) . Ruderal plant communities are the first plant communities growing on destroyed areas and they begin to restore these areas after soil disruption. These plants appear to have some ability to restore the harmful effects of these activities. Rehder et al. (1994) reported that this species was the pioneer species of ruderal plant communities in this area. It was reported that this species was useful in restoration of destroyed areas such as roadsides, developed building areas, rubber and mining areas, due to high organic matter production (Güleryüz and Arslan, 2001) .
In this study, Verbascum olympicum Boiss., collected from four populations and their corresponding soils were analyzed for element contents (Cu, Fe, Mn, Ni, Pb and Zn) in order to ascertain the indicator value of V. olympicum. Element values in different organs of the plant were also studied in order to gain information about their distributions.
Experimental

Species
Verbascum is the second largest genus in the Turkish flora, including numerous other endemic species. The endemism ratio of this genus is 70.4% (Akman, 1993) . V. olympicum Boiss. is a biannual species, local endemic, and present only in Uludag (Güleryüz and Malyer, 1998) . It belongs to the Scrophulariaceae family. This species is a hemicryptophyte with broad basal leaves. Stems are robust and angular with numerous branches, which can reach up to 100Ð200 cm. Flowers with congested clusters of 3Ð11 are on numerous thick branches forming a broad ovate-pyramidal panicle. Roots are robust and staked. Flowering time is from June through August.
Sample sites
Sample sites were selected from four different places in sub-alpine belts of Uludag Mountain (1600Ð2000 m altitude). These sites are around Etibank Mine, Mandra, Sarıalan and Kirazlıyayla. The geological structure of the investigation areas is composed of granites substratum.
Mine Work: This site is near the Etibank Wolfram Mine at an altitude of 1900Ð2000 m and is explained in detail in our earlier work (Güleryüz et al., 2002) . The main vegetation of this area is composed of hard cushion (Festuca punctoriacommunity and Festuca cyllenica-community) and dwarf shrub (Juniperus communis-community) types (Rehder et al., 1994) . Ruderal vegetation, represented by the Verbascum olympicum-community, is dominant on rubbishes, waste removal pools, canals and around the buildings in this area.
Mandra: There is a ski lift station on this site and the Nardus stricta meadow-community is dominant in this area. But Verbascum olympicum also forms vegetation patches in this area.
Sarıalan: Sampling on this site was taken from Sarıalan roadsides. Abies bornmuelleriana-community is the dominant vegetation type in this area. No formation of a ruderal plant community was observed. V. olympicum grows on a line along the roadsides and under forests in this area.
Kirazlıyayla: This sample site is used for recreational activities, i.e., picnicking and ball playing, especially in summer. Meadow vegetation, represented by the Nardus stricta-community, is dominant at this site. But V. olympicum also dominates some areas of Kirazlıyayla, and samples were taken from this site.
Sampling
Soils and plant samples were taken from five separate locations at each sampling site measuring approx. 200 m 2 in size each. Soils were taken from a 0Ð5 cm layer, sifted with a standard 2-mm sieve, and then air-dried. Sampling of all plants was performed in the flowering phase. Plant samples were harvested together with above-and below-ground parts and divided into compartments (i.e. roots, stems, leaves and flowers) with stainless steel knives. All samples were transported to the laboratory in plastic bags. Plant parts were washed with tap water to clean away other dried plant parts and soil particles from the source samples. In addition, they were washed again carefully with distilled and de-ionized water (Demir et al., 1990) . Plant materials were then put into paper bags and dried in an oven (80 ∞C) until their weights became constant. Dried material was homogenized for heavy metal analyses.
Chemical and statistical analyses
Aqua regia (1 mol HNO 3 : 3 mol HCl) was used for the analysis of total cation contents in soils. 1 g of homogenized plant samples was soaked for 1 d in a HNO 3 /H 2 O 2 solution and digested. Digested samples were diluted to 50 ml of de-ionized water. All soil and plant material solutions were analyzed for Cu, Fe, Mn, Ni, Pb and Zn using an atomic absorption spectrophotometer (Massmann et al., 1976) . Interference, caused by plant matrices, was corrected by the standard addition method (Demir et al., 1990) . All chemicals were analytical reagent grade. Detection limits of Cu, Fe, Mn, Ni, Pb, Zn are 5 mg/kg, 24 mg/kg, 15 mg/kg, 15 mg/kg, 1.5 mg/ kg and 7.5 mg/kg, respectively.
Simple correlation between heavy metal contents of the soils and different plant organs were tested on a significance level of 0.05 with STATIS-TICA Ver 6.0 (StatSoft Inc. 1984Ð1995).
Results and Discussion
Heavy metal levels in the soils
Min/max values of heavy metal contents (mg/kg dry weight, DW) in the soils are given in Table I . These values (Cu, Fe, Mn, Pb, Ni, Zn) in soils were higher than those of different uncontaminated soils (Temmerman et al., 1984) . An increase in these elements was clearer in the soils of the Etibank Wolfram Mine and Mandra sampling sites. For instance, Temmerman et al. (1984) reported that the Cu content of different uncontaminated soils varied by 15Ð25 mg/kg DW. But Cu content was between 394 and 1718 mg/kg DW in the soils of the Etibank Mine site, and 632 and 1606 mg/kg (Table I) . This allmetal contamination can be attributed to the mining activities around the site (Güleryüz et al., 2002) , and to the construction of buildings and ski lifts on Mandra.
Heavy metal levels in plant organs
Min/max and mean values of heavy metal contents in different organs of V. olympicum are shown in Table II . Maximum values of all examined metals were at considerably high levels in organs. These results indicate that the metal contents in organs are reflected in the soils of sites.
Since this species shows a tissue content reflecting external Cu concentration, it can be concluded that V. olympicum is an indicator for external Cu concentration. The copper content in organs of this species is up to 594 mg/kg DW, and this value is higher than the copper content in normal plants (4Ð15 mg/kg DW) (Shaw et al., 2004) . The increase in tissue Cu content was quite high in plant samples collected from the Etibank Mine and Mandra sample sites (Table II) . The highest mean tissue content was found in the leaves of plant samples collected at all samples sites (Table II) . For this reason, it can be said that leaves are Cu accumulating organs. The accumulation of Cu in the leaves is related to the function of these organs in basic metabolic activities. The biochemical function of copper is mainly to be a co-factor in enzymes, e.g. plastocyanin, superoxide dismutase and amine oxidases (Hagemeyer, 2004) . On the other hand, the Cu content of flowers and fruits was higher than that of roots and stems. Therefore, it can be concluded that these organs have Cu assimilating capacity.
The mean iron content of plants was highest in samples collected from mine work (Table II) and this value was also found in the related soils (Table I). The lowest iron content of this species was found in plant samples collected from Kirazlıy-ayla, which has the lowest iron content in its soils (Table I) . Except for plant samples collected from the Sarıalan and Kirazlıyayla sample sites, the mean Fe content of organs was found to be higher than the normal Fe content of plants (140 mg/kg DW) (Shaw et al., 2004) . Also, Fe content of whole organs collected from the Etibank Mine and Mandra sites exceeds the phytotoxic levels reported by different researchers. According to Levy et al. (1999) , Fe contents which are higher than 500 mg/ kg DW are poisonous. Romheld and Marschner (1991) suggested that Fe phytotoxicity is 400Ð 1000 mg/kg DW. However, the iron contents of soil and plant samples from Sarıalan were under the detection limit (24 mg/kg DW). Whereas roots seem to be the main organs in the distribution of Fe among plant organs, Fe can be translocated to above-ground organs, especially to leaves. This was expected, due the role of iron in the biosynthesis of heme co-enzymes and chlorophyll (Hagemeyer, 2004) .
Similar to the Fe content in organs of this species, manganese was highest in samples collected from Mine Work and Mandra (Table II) and this values were also found in the related soils (Table I). Although Mn accumulated in all organs, leaves were preferred as Mn accumulation organs (Table II) . Accumulation of Mn in leaves depends on its function in photosynthesis. The most important role of Mn in green plants was in the Hill reaction, the H 2 O splitting and O 2 releasing process (Hagemeyer, 2004) . According to Allen (1989) , normal Ni contents in plants range from 0.5 to 5 mg/kg and the values over these limits are poisonous. The min and max range in organs of our plant species varied from under detection limit (15 mg/kg DW) to 1650 mg/ kg DW (Table II) . These results indicate that V. olympicum may have a special Ni detoxifying capacity. Ni content of V. olympicum reflects the soil Ni content of its environment (Tables I and II) . The distribution of this element among organs appears to be different from other metals. Ni content of flowers and fruits was higher than that of other organs (Table II) .
The capability of V. olympicum for taking Fe, Mn, Ni, Cu linearly from soil was also observed for Pb and Zn. Pb contents in organs of this species (Table II) varied from under detection limit (1.5 mg/kg DW) to 318 mg/kg DW (Table II) . However, maximum value in plants was found at Mandra site (Table II) . This value is also much higher than that of normal plants (1Ð13 mg/kg DW) (Shaw et al., 2004) .
The highest Zn content of tissues was found in flowers and fruits in plants collected from all sample sites (Table II) . For this reason, it can be said that Zn was localized mainly in flowers and fruits. It is possible that these organs have a special mechanism for detoxifying Zn in plant tissues. The Zn content in all organs of V. olympicum varied from under detection limit (7.5 mg/kg DW) to 1116 mg/kg DW (Table II) . Except for plant samples taken from Sarıalan, max Zn content of plant samples, collected from other sites, was much higher than that of normal plants (8Ð100 mg/kg) (Shaw et al., 2004) .
Significantly high positive correlations were found between all heavy metal contents of soils and all organs of this species (P Ͻ 0.05) (Table III). This indicates that the contribution of plant organs in monitoring heavy metal content of the environment by this species is similar to each other.
Our findings suggest that V. olympicum may be considered a bio-indicator for Cu, Fe, Mn, Ni, Pb, Zn, and may be a useful tool for monitoring the changes in the contents of these metals in the environment. The reason for using this species for monitoring the changes in heavy metal contents of the environment is that it can contribute to the stabilization of heavy metals on polluted areas in Uludag National Park, due to the accumulation of these metals in its organs, and, since it becomes dominant on destroyed areas, distribution of this species in Uludag National Park supports this consideration.
